Firm size follows Zipf's Law, a very fat-tailed distribution that implies a few large firms account for a disproportionate share of overall economic activity. This distribution of firm size is crucial for evaluating the welfare impact of economic policies such as barriers to entry or trade liberalization. Using a multi-country model of production and trade calibrated to the observed distribution of firm size, we show that the welfare impact of high entry costs is small. In the sample of the largest 50 economies in the world, a reduction in entry costs all the way to the U.S. level leads to an average increase in welfare of only 3.25%. In addition, when the firm size distribution follows Zipf's Law, the welfare impact of the extensive margin of trade -newly imported goods -is negligible. The extensive margin of imports accounts for only about 5.2% of the total gains from a 10% reduction in trade barriers in our model. This is because under Zipf's Law, the large, infra-marginal firms have a far greater welfare impact than the much smaller firms that comprise the extensive margin in these policy experiments. The distribution of firm size matters for these results: in a counterfactual model economy that does not exhibit Zipf's Law the gains from a reduction in fixed entry barriers are an order of magnitude larger, while the gains from a reduction in variable trade costs are an order of magnitude smaller.
Introduction
An influential recent literature combines fixed costs of production and exporting with firm heterogeneity to study firm-level participation in international trade. Naturally, when the unit of the analysis is the firm, much of the emphasis has been placed on the entry decision into export markets -the so-called "extensive margin." This literature is closely related to the research agenda in economic growth that documents the existence of large impediments to entry and cross-border trade, especially in developing countries. This paper evaluates the importance of fixed costs of production and trade and the extensive margin of imports for welfare. The key ingredient of our study is the observation that firm size follows Zipf's Law, a very fat-tailed distribution that implies a few large firms account for a disproportionate share of overall economic activity. 1 Our main result is that once Zipf's Law in firm size is accounted for, the impact of fixed costs and the extensive margin on welfare is vanishingly small.
The analysis is based on the workhorse multi-country model of international trade in the spirit of Melitz (2003) and Eaton, Kortum and Kramarz (2008) . We show how this model can be calibrated to match Zipf's Law in firm size, and illustrate analytically how the shape of the firm size distribution affects the importance of fixed costs and extensive margin of trade. Then, we calibrate the model to the 50 largest economies in the world, paying special attention to the observed variation in the fixed costs of starting a business or trading internationally. Paradoxically, when the canonical heterogeneous firms framework ideally suited to study the extensive margin of trade is actually calibrated to the observed degree of firm heterogeneity, the extensive margin ceases to matter.
In the quantitative exercise, we first simulate the welfare impact of a world-wide reduction in the fixed costs of entry and exporting all the way to the U.S. level -a 6-fold fall in fixed costs for the average country in the sample. Even such a sizeable improvement leads to an average increase in welfare of only 3.25%. Second, we reduce the variable ("iceberg") trade costs by 10%, and decompose the welfare impact of this change into the intensive margin -existing exporters selling more at lower prices -and the extensive margin -new exporters entering markets. The results are striking: the extensive margin of foreign varieties accounts for only 5.2% of the total welfare gains in this policy experiment. By contrast, the intensive margin is responsible for 98% of the total these regulations across countries is considerable. In addition, in a cross section of countries entry barriers are robustly negatively correlated with per-capita income and other measures of welfare.
However, using cross-country econometric models to quantify the size of the impact is difficult, if not impossible. Our paper presents an alternative approach to welfare analysis. We use the World Bank's Doing Business Indicators database to calibrate the observed variation in fixed costs across countries, and show that a model-based welfare assessment reaches very different conclusions.
Parallel to the research on entry barriers, recent advances in international trade have focused attention on the role of individual firms, both in theory and empirics. Many stylized facts have emerged: most firms do not export, most exporters sell only small amounts abroad, while the bulk of exports at any one point in time is accounted for by a relatively small number of firms (see, e.g. Bernard, Jensen, Redding and Schott 2007) . The very same model we analyze in this paper has been used in dozens of studies to examine the firm's decision whether or not to export (e.g., Chaney 2008) , or how much to export (e.g., Arkolakis 2008) . Our analysis suggests that this literature's emphasis on the marginal firms may have been misplaced, at least when it comes to aggregate welfare. Arkolakis, Demidova, Klenow and Rodríguez-Clare (2008) and Arkolakis, Costinot and Rodríguez-Clare (2010) show that in several classes of models, including the standard model of monopolistic competition with endogenous variety adopted in this paper, gains from trade are summarized by the overall trade volume relative to domestic absorption. These authors argue that the overall trade volume is a "sufficient statistic," and thus information on the extensive margin is not necessary to estimate the total gains from trade. 5 Feenstra (2010) shows that in a Melitz model with free entry, the positive welfare impact of newly imported varieties is exactly cancelled out by the negative welfare impact of disappearing domestic varieties, resulting in gains from variety that are precisely nil. 6 Relative to these two results, our paper's substantive point is complementary and distinct. In the sufficient statistic literature, the extensive margin "doesn't matter" only in the sense that one need not observe it to estimate the gains from trade. The sufficient statistic analysis is silent on whether observed changes in the overall trade volumes, and therefore welfare, are due to the extensive or intensive margins. Thus, it cannot be used to determine which policy instruments -for instance, fixed or variable costs -have the greatest welfare impact. In our analysis, the extensive margin doesn't matter for a very different, economic reason: the marginal firms are small. It is thus informative about the role of fixed versus variable costs in welfare. Our results complement Feenstra's by demonstrating that under Zipf's Law, the welfare impact of not only the "net extensive margin" -foreign plus domestic -but also of the "gross extensive margin" -foreign and domestic individually -vanishes. In a sense, this is a stronger result as it does not depend on the two gross margins cancelling out perfectly. Instead we show that they are both vanishingly small in absolute value. In our view, this is a more robust reason why the extensive margin is not important for welfare. Finally, an additional contribution of this paper is quantitative: we present a systematic assessment of the role of both fixed entry costs and variable trade barriers for welfare in a calibrated multi-country model. Neary (2010) and Bekkers and Francois (2008) depart from the monopolistic competition paradigm, and develop heterogeneous firms models that feature strategic interactions between the large firms. Since we show that under the empirically observed distribution of firm size the small firms are not important, our results are complementary to the research agenda that seeks a richer model of the interaction between the largest firms.
Before moving on to the description of the model, a caveat is in order for interpreting the results. Our quantitative exercise does not strictly speaking tell us that the extensive margin does not matter for welfare. As such, it is not in direct contradiction with the empirical studies that find a welfare impact of increased varieties (Broda and Weinstein 2006 , Goldberg, Khandelwal, Pavcnik and Topalova 2009 . What our results demonstrate is that if the extensive margin is to matter for welfare, it would be through channels not captured by the standard model in this paper. This is important because the literature so far has overwhelmingly used this type of model for the study of the extensive margin. In other words, some other mechanisms need to be specified for the extensive margin to have a discernible welfare impact.
The rest of the paper is organized as follows. Section 2 presents the theoretical framework. We show how the parameters of the model govern the distribution of firm size, and how they can be mapped into the empirical firm size distribution. We then derive a number of analytical results that foreshadow the conclusions from the quantitative exercise. Section 3 solves the model economy numerically and presents the main quantitative results. Section 4 develops a model featuring an alternative assumption on the entry of firms. Section 5 concludes.
2 Theoretical Framework
The world is comprised of N countries, indexed by i, j = 1, . . . , N . In country i, buyers (who could be final consumers or firms buying intermediate inputs) solve
where Q i (k) is the quantity sold of good k in country i, p i (k) is the price of this good, X i is total expenditure in the economy, and J i is the number of varieties consumed in country i, coming from all countries. It is well known that demand for variety k is equal to
in country i, where P i is the ideal price index in this economy,
Each country has a fixed number of potential (but not actual) entrepreneurs n i , as in Eaton et al. (2008) , Chaney (2008) , and Arkolakis (2008) . This is an appropriate description of the economy at a given point in time, and thus the comparative statics based on this model should be interpreted as short-to medium-run. Section 4 presents an alternative model, in which the mass of potential entrepreneurs can adjust, as in Krugman (1980) and Melitz (2003) . The main quantitative results are remarkably similar.
Each potential entrepreneur can produce a unique CES variety, and thus has some market power: it faces the demand for its variety given by (1). There are both fixed and variable costs of production and trade. Each entrepreneur's type is given by the marginal cost a(k). On the basis of this cost, each entrepreneur in country j decides whether or not to pay the fixed cost of production f jj , and which, if any, export markets to serve. To start exporting from country j to country i, a firm must pay the fixed cost f ij , and an iceberg per-unit cost of τ ij > 1. 7
If entry is important -be it into production, or the export markets -it is becoming clear that one of the ways it matters is through the varieties available as intermediate inputs in production. Jones (2007, 2008) shows that the use of intermediate inputs creates a TFP multiplier that goes some way to explaining observed income differences across countries. Acemoglu, Antràs and Helpman (2007) , Cowan and Neut (2007) , and Costinot (2009) argue that in countries with worse institutions, production will use fewer intermediates, adversely affecting productivity. On the trade side, it has also been argued that imported intermediates play an important role in domestic productivity. 8
Our model features foreign and domestic intermediate inputs and the associated multiplier.
There is one factor of production, labor, with country endowments given by L j , j = 1, . . . , N .
Production uses both labor and intermediate inputs.
In particular, the entrepreneur with marginal cost a(k) must use this many input bundles to produce one unit of output. An input bundle has a cost c j = w
, where w j is the wage of workers in country j, and P j is, as above, the ideal price index of all varieties available in j. Firm k from country j selling to country i faces a demand curve given by (1), and has a marginal cost τ ij c j a(k) of serving this market. As is well known, the profit maximizing price is a constant markup over marginal cost, p i (k) = ε ε−1 τ ij c j a(k), the quantity supplied is equal to
, and the total ex-post variable profits are:
Note that these are variable profits of a firm in country j from selling its good to country i only.
These expressions are valid for each country pair i, j, including domestic sales: j = i.
The production structure of the economy is pinned down by the number of firms from each country that enter each market. In particular, there is a cutoff marginal cost a ij , above which firms in country j do not serve market i. We assume (and later verify in the calibration exercise), that all firms that decide to export abroad are sufficiently productive to also serve their domestic markets. On the other hand, there is a range of productivities for which firms serve their domestic markets, but choose not to export. In this case, firms with marginal cost above a jj in country j do not operate at all. The cutoff a ij characterizes the entrepreneur in j who earns zero profits from shipping to country i:
Closing the model involves finding expressions for a ij , P i , and w i for all i, j = 1, . . . , N . The price level for country i can be expressed as follows:
i = 1, . . . , N . There are N − 1 independent equations in this system, which can be solved for wages in N − 1 countries given a numéraire wage in the remaining country. The wages and the price levels in all countries are determined jointly by equations (9) for wages and (6) for prices. We will solve these numerically in order to carry out the main quantitative exercise in this paper.
The Distribution of Firm Size: Model and Data
It has been argued that in the data, the distribution of firm size follows a power law, with an exponent close to 1 in absolute value. In this section, we first build a bridge between the model and the data by showing that the distribution of firm sales in the workhorse model outlined above does indeed follow a power law. Consequently, we argue that the distribution of firm size in the data places a key restriction on the important parameter values in the model. Finally, we review the available empirical evidence on the firm size distribution.
Denote the sales of an individual firm k by x(a(k)). Firm sales x follow a power law if
It turns out that the baseline Melitz-Pareto model delivers a power law in firm size. In our model, the sales of a firm as a function of its marginal cost are: x(a) = Ca 1−ε , where the constant C reflects the size of overall demand, and we drop the country subscripts. Under the assumption that 1/a ∼Pareto(b, θ), the power law follows:
In addition, this calculation shows that x ∼Pareto b ε−1 C, θ ε−1 . The key point for connecting the model to the data is that in the model, the slope of the power law is given by θ ε−1 . Since this exponent can also be estimated in the data, what we observe in the data is informative about this combination of parameters. What do the data tell us about ζ?
Available estimates put it very close to 1, suggesting that the distribution of firm size follows Zipf's Law. Figure 1 reproduces the now famous power law for firm size in the U.S. estimated by Axtell (2001) . The fit of this relationship is typically very close: it is common to observe R-squareds in excess of 0.99. Using a variety of estimation techniques, Axtell reports a range of estimates of ζ between 0.996 and 1.059, very precisely estimated with standard errors between 0.054 and 0.064.
It will become important below that the coefficient estimates are never significantly different from 1, and indeed never very far from 1 in absolute terms as well. 10
The question remains whether Zipf's Law obtains in the firm size distributions for many countries. Currently, no comprehensive set of results exists. di Giovanni et al. (2010) show that Zipf's Law holds among French firms. Evidence for a limited set of European countries is presented by Fujiwara et al. (2004) and for Japan by Okuyama et al. (1999) . In Appendix C, we use ORBISthe largest publicly available firm-level dataset covering a large number of countries -to show that firm size distributions are well approximated by a power law, with exponents quite close to −1 in most countries. 11
To summarize, existing estimates of the distribution of firm size put discipline on the parameters of the Melitz-Pareto model. In particular, estimates suggest that θ ε−1 is very close to 1. As we show in a series of exercises below, this has some striking implications regarding gains from reductions in entry barriers and trade costs, the relative importance of intensive and extensive margins, and the ability of trade openness to explain income differences between countries.
Entry Costs, Trade Openness, and the Magnitude of Gains from Trade
We now present a number of analytical results about the relative importance of fixed costs, trade openness, and the extensive margin for welfare. Real income per capita in country i is proportional 10 Strictly speaking, when not all firms export, selection into exporting implies that the power law exponent estimated on total sales -domestic plus exporting -is lower than θ/(ε − 1). di Giovanni et al. (2010) explore this bias in detail using the census of French firms, and suggest several corrections to the estimating procedure that can be used to estimate θ/(ε − 1) in an internally consistent way. Their analysis shows that the bias introduced by selection into exporting is not large. Corrected estimates obtained by di Giovanni et al. (2010) show that θ/(ε − 1) is about 1.05, roughly the same as the value used in this paper.
11 Other related results also shed light on how fat-tailed size distributions are. For instance, it turns out that measures of Balassa revealed comparative advantage (Hinloopen and van Marrewijk 2006) and highly disaggregated trade flows (Easterly, Reshef and Schwenkenberg 2009 ) also follow power laws with an exponent close to −1. to w i /P i , which is also a measure of welfare. 12 It is possible to use trade shares to simplify the expression for the price level. Define π ij ≡ X ij /X i to be the share of total spending in country i on goods from country j. Using equation (8), setting i = j and rearranging yields the following relationship:
This allows us to represent real income per capita in each country relative to the U.S. as a product of several components:
A special case of this expression is obtained if we adopt the assumption in Alvarez and Lucas (2007) , Chaney (2008) , and di Giovanni and Levchenko (2009) that the number of productivity draws in each country is proportional to its size: n i = γL i , where γ is a constant. In that case, income differences can be decomposed as:
This expression is similar in spirit to Waugh (2009) , with some key differences. The similarity is in the contribution of trade to income differences, which is summarized simply by the relative
). The difference is that in our model entry costs also matter (the
and there is a "home market effect," such that larger countries have lower price levels and higher real per-capita incomes, all else equal.
We can get a sense of the magnitudes involved by examining both the variation in the relative fixed costs and openness, as well as the exponents. We choose the parameter values as follows: Jones (2008) , ε = 6 (Anderson and van Wincoop 2004) , and θ = 5.3, designed to match the power law exponent on firm size to U.S. data, θ ε−1 = 1.06 (Axtell 2001) . Then, the exponents in the expression above become:
It is immediate that the relative fixed costs will matter far less than the other two terms. In a Zipf economy, what is really important for welfare is the presence of the large, very productive firms, which are inframarginal and not affected much by the level of fixed costs.
To make this more precise, we use the World Bank's Doing Business Indicators to measure variation in f ii f U S,U S present in the data, and compute how much per-capita income variation those can generate. It turns out that the country at the 95th percentile of the fixed cost distribution has an f ii that is between 16 and 658 times the U.S. value, depending on the precise indicator we use. Plugging those ratios into the equation above, we get that the country at the 95th percentile of fixed entry costs has an income level between 0.86 and 0.94 that of the U.S., all else equal. In a Zipf economy, differences in fixed costs of entry cannot generate large per-capita income -and welfare -differences.
What about trade? In the sample of the 49 largest economies by total GDP, the ratio π ii π U S,U S for the economy in the 95th percentile of openness is 0.577. Taking that to the correct exponent implies that this country has an income level 1.23 times that of the U.S. While the absolute variation in π ii π U S,U S in the data is far lower than the variation in fixed costs, the impact of trade openness on welfare is larger.
The distribution of firm size matters for these magnitudes. To see what happens when we depart from Zipf's Law, we set θ ε−1 equal to 2 (implying a value of θ = 10 given our chosen elasticity of substitution). When the exponent on the power law in firm size is greater than or equal to 2, the distribution of firm size has finite variance. Thus, in this alternative calibration we set the exponent on the power law in firm size to be the smallest such that the distribution still has a finite variance.
In a non-Zipf economy, the exponents change dramatically: on the f ii f U S,U S term, the exponent goes up from 0.02 to 0.22 in absolute value, a tenfold increase. By contrast, the exponent on the π ii π U S,U S term drops by almost half, from 0.38 to 0.22. This implies that the importance of fixed costs rises: now, a country in the 95th percentile of the f ii distribution has an income level between 0.23 and 0.54 that of the U.S.. By contrast, the contribution of trade drops by half: the country in the 95th percentile of trade openness has income per capita only about 1.12 times the U.S. level.
As a related point, the shape of the firm size distribution matters a great deal for the magnitude of gains from trade. In this model, gains from trade are equal to: 13
A few things are notable about this expression. First, at a given π ii , gains from trade are decreasing in θ ε−1 as long as βε > 1. 14 In other words, the closer is the economy to Zipf's Law, the larger are the gains from trade. This is intuitive: in the world dominated by ultra-productive firms, the big gains from trade come from having access to those extremely productive foreign varieties. Using the values of β, ε, and θ described above, in the sample of 50 largest economies in the world, average gains from trade are 13%, with a standard deviation of 11% across countries. Assuming instead that θ ε−1 = 2 (the firm size distribution is not fat-tailed) reduces the estimated mean gains almost in half (to 7%), and the variation across countries in half as well (standard deviation of 6%). Second, at a given level of trade openness (π ii ), gains from trade are increasing in the share of intermediate goods in the input bundle, (1 − β). This is an intermediate goods multiplier effect akin to Jones (2008) : the more foreign varieties are used as intermediate goods in production, the more the country reaps a double benefit from trade: first as an increase in labor productivity due to foreign intermediates, and second as consumers of those foreign varieties.
Finally, in order to get a sense of the gains from trade, it is sufficient to simply look at the share of spending on domestic goods. This feature has been noted about Ricardian models (Eaton and Kortum 2002) , as well as monopolistic competition models such as the one in this paper (Arkolakis et al. 2008) . Arkolakis et al. (2010) provide a unified treatment of the conditions under which this result holds.
At the same time, in the presence of intermediate goods it is no longer the case that in order to calculate the overall gains from trade, one needs to know only π ii and the estimated elasticity 13 To find an expression for gains from trade, it is useful to write out the autarky price level and welfare. Setting N = 1 in equation (6) and dropping country subscripts, the autarky price level becomes:
.
Using the expression for X in (7) and c, we can write welfare in autarky as follows:
It is immediate from comparing this expression for autarky welfare to (11) that the two differ only by the term
ii , yielding equation (12). 14 This latter condition is likely to be satisfied in the data. Typical estimates of ε range from 3 to 10, while β is on the order of 0.5 (Jones 2008) .
of trade with respect to (variable) trade costs, as argued by Arkolakis et al. (2008) . As can be gleaned from equation (8) . In other words, in order to assess the gains from trade, we can no longer rely on one potentially observable object -the elasticity of bilateral trade with respect to τ ji -and instead need to take a stand on other parameters of the model, namely β and ε.
In this context, it is worth noting that the firm size distribution provides an alternative source of information regarding the model parameters. While at first blush, estimating the elasticity of trade volumes with respect to trade costs may seem straightforward, in fact one must typically make a series of parametric assumptions about how the true trade costs τ ji are related to observables such as distance or tariff barriers. Things are further complicated by the fact that in the Melitz model both τ ji and f ji affect trade volumes, but with different elasticities. Since a typical gravity regression cannot distinguish between the two, yet more assumptions on the nature of fixed and variable costs are needed to back out θ. The firm size distribution, by providing an estimate of θ/(ε − 1), is an arguably cleaner way to calibrate the parameters of the model. In fact, as we show in this paper, some key results actually depend on this combination of parameters, rather than θ and ε individually.
Extensive vs. Intensive Margins
The Zipf economy is one dominated by few large producers, that are not likely to be "marginal" exporters. Intuitively, this suggests that the distribution of firm size will also affect the relative importance of intensive versus extensive margins for welfare. In this subsection we examine analytically the importance of the two margins. The conclusion is striking: as the firm-size distribution converges to Zipf's Law, the welfare impact of the extensive margin in exports (or indeed domestic production) goes to zero.
The price level, (5), can be rewritten as a function of the extensive margin as follows:
Here, the price level is expressed in terms of the share of firms from country j supplying country i, G(a ij ), precisely because it is the extensive margin: in any policy experiment, the change in G(a ij )
is exactly the increase in the number (mass) of firms supplying market i. To derive the analytical 13 result in the simplest way, let us assume that the countries are symmetric:
In that case, wages are the same in all countries, and we normalize them to 1. The price levels are the same in all countries as well, and thus dropping the country subscripts we obtain:
where a D is the cutoff for domestic production, and a X is the cutoff for exporting. These are of course the same across all countries as well.
Note that since wages are normalized to 1, the total welfare in this economy is simply W = 1/P .
We are now ready to evaluate the relative importance of the extensive and intensive margins.
Imagine that there is a reduction in trade costs τ . This reduction will affect both the prices that existing exporters charge in the domestic market, given by p(k) = ε ε−1 τ ca(k), and the mass of firms serving the market, G(a X ). From the expression for the price level (14), it is immediate that the elasticity of welfare with respect to the extensive margin is equal to:
As the economy approaches Zipf's Law -θ → (ε − 1) -the welfare impact of the extensive margin goes to zero:
The same is not true for the intensive margin. The price p that each exporter charges in the domestic market is proportional to τ . Therefore, the elasticity of welfare with respect to the intensive margin equals:
The welfare impact of the intensive margin clearly does not converge to zero as θ → (ε − 1).
What is the intuition for these results? In a Zipf economy the most productive firms are vastly better than the marginal firms. As a result, most of the welfare impact of trade is driven by what happens to these best firms, rather than by whether trade liberalization leads to new entry. That is, a reduction in trade costs impacts welfare mainly because the "major brands" -Sony, Panasonic, etc. -become cheaper, rather than because the many additional inferior brands of television sets become available.
This discussion shows that the conclusions about the impact of entry barriers, international trade, and the extensive margin are very sensitive to the assumption about the shape of the firm size distribution. All else equal, the extensive margin matters less under Zipf's Law, and trade openness matters more, as it allows the country to access the extremely productive varieties from abroad.
Before proceeding to the quantitative assessment of the importance of entry costs and the intensive and extensive margins of trade in a multi-country calibrated model, it is worth making an additional remark regarding our modeling approach to fixed costs. Arkolakis (2008) 
Quantitative Evidence
In order to fully solve the model numerically, we must find the wages and price levels for each country, w i and P i , using the system of equations given by (6) and (9). To solve this system, we must calibrate the values of L i , n i , τ ij , and f ij for each country and country pair, as well as the parameters common to all countries. We now discuss how we calibrate each parameter value.
The elasticity of substitution is ε = 6. Anderson and van Wincoop (2004) report available estimates of this elasticity to be in the range of 3 to 10, and we pick a value close to the middle of the range. The key parameter is θ, as it governs the slope of the power law. As described above, in this model firm sales follow a power law with the exponent equal to θ ε−1 . In the data, firm sales follow a power law with the exponent close to 1. Axtell (2001) reports the value of 1.06, which we use to find θ given our preferred value of ε: θ = 1.06 × (ε − 1) = 5.3. As mentioned above, we set the share of intermediates β = 0.5, following Jones (2008) .
For finding the values of L i , we follow the approach of Alvarez and Lucas (2007) . First, we would like to think of L not as population per se, but as "equipped labor," to take explicit account of TFP and capital endowment differences between countries. To obtain the values of L that are internally consistent in the model, we start with an initial guess for L i for all i = 1, . . . , N , and use it to solve the model. Given the vector of equilibrium wages, we update our guess for L i for each country in order to match the ratio of total GDPs between each country i and the U.S.. Using the resulting values of L i , we solve for the new set of wages, and iterate to convergence (for more on this approach, see Alvarez and Lucas 2007) . Thus, our procedure generates vectors w i and L i in such a way as to match exactly the relative total GDPs of the countries in the sample. In practice, the results are extremely close to simply equating L i to the relative GDPs of the countries. In this procedure, we must normalize the population of one of the countries. We thus set L U S to its actual value of 291 million as of 2003, and compute L i of every other country relative to this U.S.
value. Finally, we set n i in proportion to L i . That is, the country's endowment of entrepreneurs is simply proportional to its "equipped labor" endowment. An important consequence of this assumption is that countries with higher TFP and capital abundance will have a greater number of potential productivity draws, all else equal. This is an assumption adopted by Alvarez and Lucas (2007) and Chaney (2008) . We set n U S = 10, 000, 000, that is, there are ten million potential firms in the U.S.. In this calibration it implies that there are about 9,500,000 operating firms there.
According to the 2002 U.S. Economic Census, there were 6,773,632 establishments with a payroll in the United States. There are an additional 17,646,062 business entities that are not employers, but they account for less than 3.5% of total shipments. Thus, choosing n U S = 10, 000, 000 gets the correct order of magnitude for the number of firms.
Next, we must calibrate the values of τ ij for each pair of countries. To do that we use the set of gravity estimates from the empirical model of Helpman, Melitz and Rubinstein (2008) . That is, we combine geographical characteristics such as bilateral distance, common border, common language, whether the two countries are in a currency union and others, with the coefficient estimates reported by Helpman et al. (2008) to calculate values of τ ij for each country pair. 15 Note that in this formulation, τ ij = τ ji for all i and j.
Finally, we must take a stand on the values of f ii and f ij . The absolute level of f U S,U S is set to ensure an interior solution for the domestic production cutoff. 16 Then, we use the information from the Doing Business Indicators database (The World Bank 2007a) to set f ii for every other country relative to the U.S.. In this application, the particular variable we use is the amount of time required to set up a business. We favor this indicator compared to others that measure entry costs either in dollars or in units of per capita income, because in our model f ii is a quantity of 15 In di Giovanni and Levchenko (2009), as a robustness check, we also computed τij using the estimates of Eaton and Kortum (2002) . The advantage of the Helpman et al. (2008) estimates is that they are obtained in an empirical model that accounts explicitly for both fixed and variable costs of exporting, and thus corresponds most closely to the theoretical structure in our paper.
16 That is, we set fUS,US to a level just high enough that aji < 1/b for all i, j = 1, ..., N in all the baseline and counterfactual exercises, with 1/b being the upper limit of the distribution of a(k).
inputs rather than value. To be precise, if according to the Doing Business Indicators database, in country i it takes 10 times longer to register a business than in the U.S., then f ii = 10 × f U S,U S .
To measure the fixed costs of international trade, we use the Trading Across Borders module of the Doing Business Indicators. This module provides the costs of exporting a 20-foot dry-cargo container out of each country, as well as the costs of importing the same kind of container into each country. Parallel to our approach to setting the domestic cost f ii , the indicators we choose are the amount of time required to carry out these transactions. This ensures that f ii and f ij are measured in the same units. We take the bilateral fixed cost f ij to be the sum of the two: the cost of exporting from country j plus the cost of importing into country i. 17 The foreign trade costs f ij are on average about 40% of the domestic entry costs f ii . This is sensible, as it presumably is more difficult to set up production than to set up a capacity to export.
We carry out the analysis on the sample of the largest 49 countries by total GDP, plus the 50th that represents the rest of the world. 18 These 49 countries together cover 97% of world GDP. We exclude entrepôt economies of Hong Kong and Singapore, both of which have total trade well in excess of their GDP, due to significant re-exporting activity. Thus, our model is not intended to fit these countries. (We do place them into the rest-of-the-world category.) The country sample, sorted by total GDP, is reported in Table 1 .
Model Fit
As described above, our iterative procedure ensures that the ratio of total GDPs in the model for any two countries matches exactly the ratio of the total GDPs in the data. However, since the object of the paper is to examine the role of trade openness in welfare, it is more important that the model matches well the bilateral and overall trade volumes observed in the data. Comparing bilateral trade patterns generated by the model to the actual data is a good test of the model's success in describing the world economy, since the calibration procedure does not use any information on actual trade patterns, only country GDPs and estimated bilateral trade costs. Figure 2 reports the scatterplot of bilateral trade ratios π ij = X ij /X i . On the horizontal axis is the natural log of π ij that comes from the model, while on the vertical axis is the corresponding value of that bilateral trade flow in the data. Hollow dots represent exports from one country to another, π ij , i = j. Solid dots, at the top of the scatterplot, represent sales of domestic firms as a 17 An earlier version of the paper carried out the analysis setting the bilateral fixed cost to be the sum of domestic costs of starting a business in the source and destination countries: fij = fii + fjj. This approach may be preferred if fixed costs of exporting involved more than just shipping, and required, for instance, the exporting firm to create a subsidiary for the distribution in the destination country. The results were virtually identical.
18 We set the parameters, such as τij and fij, for the rest-of-the-world category as the average values among the remaining countries in the world.
share of domestic absorption, π ii . For convenience, we added a 45-degree line. It is clear that the trade volumes implied by the model match the actual data well. Most observations are quite close to the 45-degree line. It is especially important that we get the overall trade openness (1 − π ii ) right, since that will drive the gains from trade in each country. Figure 3 plots the actual values of (1 − π ii ) against those implied by the model, along with a 45-degree line. We can see that though the relationship is not perfect, it is close. Table 2 Overall, though the model calibration does not use any information on trade volumes, it fits bilateral trade data quite well. We now turn to the analysis of welfare gains from reduction in entry costs and trade barriers implied by the model.
Counterfactual I: Reduction in Entry Costs
Using the calibrated model above, the first counterfactual we perform is a reduction in the fixed costs of entry f ii and f ij . We simulate a complete harmonization of entry costs across the world, such that entry costs everywhere are the same as in the U.S.. This is a substantial improvement.
As first shown by Djankov et al. (2002) , the differences in these fixed costs are substantial across countries. In our sample of the world's 49 largest economies, it takes on average 6 times longer to start a business compared to the U.S.. For a country at the 75th percentile of the distribution, it takes almost 8 times longer, and the country with the highest entry costs in this sample -Brazil -it takes 25 times longer than in the U.S.. This experiment also entails a substantial drop in the fixed costs of cross-border trade. The average exporting cost in this sample is 3 times higher than in the U.S., and the average importing cost is 4 times higher. Table 3 reports the associated welfare gains. The top panel presents the baseline calibration, in which firm-size distribution is set to match Zipf's Law. The bottom panel reports the alternative counterfactual calibration, in which θ/(ε − 1) = 2. Since by construction f ij affects entry, but not the variable costs of existing firms, we attribute all of the welfare gains to the extensive margin.
The welfare gains are small. We can see that even a dramatic drop (6-fold on average) in the fixed 19 We also experimented with increasing the number of countries in the simulation to 60. The model fit the data well, though it over-predicted the overall average trade openness of countries by slightly more than the 50-country model. In addition, there are more zeros in bilateral trade data in the 60-country sample compared to the 50-country one. (With 50 countries, among the 2500 possible unidirectional bilateral trade flows, only 18 are zeros.) For these reasons we confine our analysis to the largest 50 countries.
costs of production and exporting improves welfare by only 3.26% on average. It could be that this average number is hiding a lot of heterogeneity, since different countries are experiencing a different size reduction in trade costs. In parentheses below the average value, we report the range of welfare gains in the entire sample. We can see that even in the country that gains the most from this institutional improvement, the gain is only about double the average, at 7.32%. Zipf's Law matters a great deal for this conclusion. The bottom panel reports that the welfare gain from the same reduction in entry barriers is on average 40.87% in the non-Zipf world. This is 12 times higher than in the Zipf's Law calibration. The range is also greater: the country gaining the most more than doubles its welfare. 20
The intuition for this result is that the distribution of firm size contains information on the relative importance of the marginal and the inframarginal varieties. Under Zipf's Law, the inframarginal varieties -the very large firms -are overwhelmingly more important than the marginal varieties. Thus, since the high entry costs do not affect the entry decision of the very large firms, they do not have much impact on welfare. As our quantitative exercise demonstrates, this is true even in a model that features a substantial intermediate input multiplier. As we move away from Zipf's Law, the distribution of firm size becomes flatter. As a result, entry of the marginal firms, and consequently the fixed costs of entry, become more important for welfare.
Counterfactual II: Reduction in Trade Barriers
Consider a global reduction in trade costs τ ij . How will it affect welfare, and what will be the relative importance of the intensive and the extensive margins? We know that welfare in this model is proportional to real income, W i = w i /P i . From equation (13), welfare can be expressed, up to a constant that is the same in all countries and trade regimes, as follows:
A reduction in trade costs will impact the intensive margin, by making existing goods cheaper.
That is captured by the τ ij c j c i term. Additionally, welfare will increase due to the extensive margin, by leading to a greater number of varieties. This is captured by the G(a ij ) term. Using a Taylor 20 An interesting question is how large is the role of international trade in generating this welfare gain. To get a sense of this, we calculated the gains from the same reduction in fixed costs of entry under the assumption that each country is in autarky. It turns out that the magnitude of the autarky gains is very similar. For instance, in the Zipf calibration the autarky gain is 3.47%, compared to 3.26% in the baseline open economy case. We conjecture that the average autarky percentage gain is slightly higher because in the absence of the possibility of importing, it is more important to have access to the most domestic varieties. expansion, we can write the proportional increase in welfare as a function of the two margins:
where ϕ ij is the weight of country j in country i's price level:
It is immediate from (16) that the extensive margin does not have much of a chance to impact welfare. Any given change in the mass of new firms,
G(a ij ) , while it may be large, is pre-multiplied by the term θ−(ε−1) θ(ε−1) , which goes to zero as the economy approaches Zipf's Law. As we saw above, the calibrated value of this ratio is about 0.01. Table 3 reports the quantitative results for our sample of countries. A 10% reduction in trade barriers leads to an average increase in welfare of about 4.3%, with a range between 0.28 and 8.26%.
Notably, this is somewhat higher than welfare gain we saw following a complete harmonization of entry barriers across countries. It turns out that the intensive margin accounts for 98% of the overall welfare gain. The table breaks down the extensive margin into the component coming from the new foreign varieties, and the component due to the disappearance of some domestic ones. The foreign extensive margin contributes 5.2% of the total welfare gain. It is partially undone by the domestic extensive margin, which is negative. As we can see, in Zipf's world, the extensive margin plays a minimal role relative to the intensive one.
It is important to emphasize that this result is not due to a small increase in the number of foreign varieties. In this experiment, the 10% reduction in τ ij leads to an average 28% increase in the number of imported foreign varieties in this set of countries. The extensive margin, as measured by the number of varieties, is quantitatively important. However, its contribution to welfare is not.
The bottom panel reports these results with the alternative, non-fat-tailed calibration. Two features are most striking. First, the overall gains from a 10% reduction in τ ij are tiny compared to the baseline calibration. The average gains are only 0.28% (less than one third of one percent), with a maximum of 1.7%. This is 15 times lower than the same reduction in trade costs in the baseline calibration. Second, the overall importance of the intensive margin is almost the same as in the baseline calibration, 96.8%. At first glance this is surprising. But it turns out that the welfare impact of the foreign extensive margin is indeed much bigger than in the baseline calibration, as expected. The foreign extensive margin contributes 14.7% of the total welfare gain, almost 3 times greater than in the baseline calibration. However, the domestic extensive 20 margin is also more important for welfare, contributing −11.5% of the total impact. That is, the disappearance of existing domestic varieties that accompanies the drop in trade costs also has a greater (negative) welfare impact compared to the Zipf case. The two partially cancel out, leaving the relative importance of the intensive margin roughly unchanged.
The main results are presented graphically in Figure 4 . On the x-axis is the power law exponent in firm size, θ/(ε − 1), which varies from 1.06 (Zipf's Law calibration) to 2. The lines display the welfare impact of the two counterfactual experiments we consider: a 10% reduction in τ ij (solid line) and the complete harmonization in f ij to their U.S. level. The figure illustrates the importance of the firm size distribution for our conclusions about welfare. In particular, it is clear that changes in variable costs matter more for welfare as the economy approaches Zipf's Law, while changes in fixed costs matter less.
Impact of Varying Intermediate Goods Share in Final Production
How important is the intermediate goods multiplier in our counterfactual exercises? 21 In order to examine this question, we vary β, which is set to 0.5 in the baseline (equal shares of labor and intermediate goods for final production). Table 4 (β = 1, and therefore c = w). We see that the welfare gains from a reduction in entry costs are reduced roughly in half compared to the baseline case. To summarize, the variation in the share of intermediates in production has an important effect on welfare. Though we do not pursue this point further here, our comparative statics suggest that gains from trade may differ substantially across countries depending on their export specialization: countries that specialize in industries requiring lots of (foreign) intermediates will gain from trade substantially more than countries that 21 The idea of the intermediate goods multiplier in the closed-economy setting is due to Jones (2008) , who in addition assumes that intermediate inputs are complements in production to get an even larger effect, explaining potentially all the variation in per-capita incomes across countries. In the multi-country model of production with endogenous varieties, it would not be possible to incorporate complementarities of inputs, since producers of varieties are monopolistically competitive, and their profit maximization problem is not well defined when the elasticity of substitution is less than 1. Thus, we adopt the setup in which the elasticity of substitution in production and consumption is the same.
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simply produce output using the domestic factors of production.
Free Entry
The preceding analysis was carried out under the assumption of a fixed mass of firms n i . This assumption is common in the recent literature on trade with heterogeneous firms (see, among many others, Eaton et al. 2008 , Chaney 2008 , and Arkolakis 2008 . However, because the total profits in the economy are strictly positive, this model should be seen as a metaphor for the (relatively) short run. At the opposite extreme, the assumption adopted by the literature building on Krugman (1980) and Melitz (2003) is that the economy is populated by an infinite mass of potential entrepreneurs with zero outside option, and at any point in time there is sufficient entry to drive the firms' aggregate profits to zero. This should be seen as a metaphor for the long run, as neither the number of entrepreneurs nor the number of ideas are truly infinite at a point in time, but we would indeed expect higher net entry in response to a positive expected profit given enough time.
How does allowing for free entry affect our results? In this section, we set up a model that allows n i to adjust, and carry out the quantitative exercise under this alternative assumption. Following Melitz (2003) , suppose that there is an infinite mass of potential entrepreneurs. In order to produce, each entrepreneur in country i must first pay a fixed "exploration" cost of f Ei input bundles in order to find out its marginal cost a(k). Once the marginal cost is revealed, each entrepreneur decides whether to produce domestically (paying a fixed production cost f ii ), and whether or not to enter each of the possible foreign markets j (paying a fixed cost f ji ). The equilibrium mass of entrants n i is such that expected profits are zero in each country:
for all i = 1, ..., N , where ρ V ij (k) is the variable profits from serving market j from country i, given by (3). This is a system of N equations in N unknowns, n i . Since profits are zero, the expression for the total sales in the economy, instead of (7) becomes:
Given this expression for total sales, the rest of the equilibrium conditions remain the same. In particular, in addition to the system of equations (17) defining n i , the model solution satisfies the equations for wages (9) and prices (6). All in all, when N = 50 as in our quantitative exercise, this represents a system of 149 equations in 149 unknowns, with wages in one of the countries as the numéraire.
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Before solving numerically the fully-fledged calibrated model, we present a special case that can be solved in closed-form: symmetric countries. This will allow us to perform some comparative statics analytically, in order to build intuition and cross-check the numerical results. In particular, suppose that all of the countries are identical, as in section 2.3:
Under these conditions, all the wages are the same in all countries, and we normalize them to 1. The price levels P are the same across countries as well, and there is a single cutoff a D = a ii for domestic production, and a single cutoff a X = a ji for exporting, to all destinations. Straightforward manipulation of equations (17), (4), and (5) yields the following solution for the equilibrium mass of firms:
Though it may appear complicated, there are still several conclusions that we can draw in the symmetric case. First, in the absence of input-output linkages (when β = 1 and the input bundle uses only labor), the equilibrium mass of firms simplifies to:
Without intermediate input linkages, the equilibrium mass of potential firms does not depend on any of the trade costs, be it variable (τ ), or fixed (f X ), nor does it depend on domestic fixed costs f . As would be easy to verify by setting N = 1, this implies that the equilibrium n is unchanged under trade compared to complete autarky. This result is reminiscent of the original Krugman (1980) model, and has been found in a heterogeneous firms model by Arkolakis et al. (2008) . Thus, the first striking feature of the endogenous entry model is that for the purposes of our comparative statics -changes in τ ij and f ij -intermediate input linkages are crucially important. Without them, keeping n exogenous and fixed as we do in the rest of the paper is without loss of generality, to a first order.
In the presence of intermediate input linkages, τ ij and f ij do affect the equilibrium mass of entrants. How does equilibrium n respond to changes in trade costs? First, the elasticity of n with respect to f is:
Thus, as the economy approaches Zipf's Law (θ → ε − 1), the elasticity of the equilibrium mass of entrants with respect to the fixed cost of production goes to zero! It is easy to check that the same is true with respect to the fixed cost of exporting, f X . What is the intuition for this result?
A fall in the fixed cost of production (f ) or export (f X ) will change the incentives to become a potential entrepreneur (i.e. to pay f E for an a(k) draw) insofar as it changes the expected profits from becoming one. Changes in f and f X will affect the expected profits primarily on the extensive margin: with lower fixed costs, some additional marginal entrepreneurs can produce domestically or export. In Zipf's world, as we had argued above, the marginal firms do not matter much: compared to the inframarginal firms, they are tiny, do not sell much, and have exceedingly small profits. The real payoff from becoming a potential entrepreneur comes from the possibility of "scoring big:" becoming one of the large firms at the top of the distribution. Changes in f and f X do not affect that possibility at all. Thus, in Zipf's world they have only a vanishingly small impact on the decision to become an entrepreneur. This is a striking result. Among other things, it says that as the distribution of firm size approaches Zipf's Law, the assumption of a fixed mass of firms becomes a better and better approximation for the more general, endogenous entry model.
The elasticity of n with respect to variable trade costs is given by:
Unlike the elasticity with respect to f , it does not go to zero as we approach Zipf's Law. Thus, the mass of potential entrants is more sensitive to variable costs than to fixed. This accords well with the intuition developed above: changes in n will happen in response to changes in expected profits. Since changes in τ affect expected profits throughout the distribution, including the very top, they have a much greater potential to induce net entry than changes in fixed costs. Above, we argued that in the presence of Zipf's Law in firm size, variable costs have a much greater impact on welfare than fixed costs. The endogenous entry model provides yet another reason why this is the case: changes in variable costs will generate greater changes in the mass of firms than fixed costs.
Thus, in this respect engodenizing n reinforces some of the main conclusions of the paper.
Having derived some analytical results using the symmetric model, we now present the solutions to the fully-fledged asymmetric model. In order to proceed, we must take a stand on the value of the "exploration" cost f E . We cannot appeal to data in order to back out cross-country variation in f E . This parameter measures the costs of finding out one's productivity. Unlike starting an actual business, this process is unobservable, and/or takes place in the informal sector. Thus, we cannot find direct counterparts to it in databases such as Doing Business. Alternatively, f E could be calibrated to the number of firms present in each country, but currently that is not feasible as there are no reliable cross-country databases reporting the total numbers of firms in the economy.
For these reasons we choose to set the same value of f E across countries. We set f E to be such that n U S = 10, 000, 000 in equilibrium (as argued above, this value is consistent with what is observed in the 2002 U.S. Economic Census). This is the value of n U S that is used in the baseline simulation, allowing for maximum comparability across the two sets of results. The resulting f E is about 10 times larger than f U S,U S , and about 1.7 times larger than the mean f ii in our sample of countries. 22
The model is solved numerically as described above. Table 5 reports the results. Once again, the top panel presents results for the Zipf case (θ/(ε − 1) = 1.06), and the bottom panel for the non-Zipf case (θ/(ε−1) = 2). We perform the same two comparative statics. The first is a complete harmonization of domestic and exporting fixed costs f ii and f ij to the U.S. level. Under Zipf's Law, the average change in welfare in our sample of countries is 4.03%, with a range from 0.04 to 9.10%.
As expected, it is larger than in the model with exogenous n (which was 3.26%), but the difference is less than 25%. In the non-Zipf world, the mean change in welfare from the harmonization of fixed costs is 47.32%, compared to 40.87% with exogenous n. Once again, the two figures are close.
Thus, endogenizing n preserves the essential quantitative results from this exercise. Though welfare gains are larger when the mass of potential entrepreneurs can adjust, the basic result that fixed costs have a small welfare impact in the Zipf's world, and an order of magnitude larger impact in the non-Zipf one is unchanged. Our analytical results using the symmetric case showed that as the distribution of firm size approaches Zipf's Law, the equilibrium n becomes insensitive to f . We can confirm this in the numerical exercise. A complete harmonization of fixed costs to the U.S. level leads to an average increase in n of less than 2%, and a maximum increase of 4.5% in this sample of 50 countries. Quantitatively, this is not an important force.
In the second quantitative exercise, we simulate a 10% reduction in τ ij across the board. In devising a breakdown of the welfare impact into extensive and intensive margins, we must now take into account changes in n. If a movement in τ ij induces more entrepreneurs to draw from the productivity distribution -n to change -we will observe new producers and new exporters throughout the size distribution. Thus, changes in n are part of the extensive margin. To take this 22 There remains a tension regarding whether the data in the Doing Business indicators reflect fii or fE. In the final analysis, it is clear that convincingly sorting this out is not possible. However, the Doing Business indicators reflect the costs of starting an actual business in the formal sector, which, taken at face value, corresponds to fii in the model. Though in the real world starting a business undoubtedly involves some uncertainty, and thus has an element of discovering one's type, we choose not to model variation in fE explicitly. However, to the extent that fE is truly a cost of "exploration" by which one discovers one's abilities, we should expect it not to vary as much across countries. In addition, under this interpretation, it would be much more difficult to affect fE through policies.
into account, equation (16) must be modified as follows:
The last term under "Extensive Margin" in equation (19) reflects movements in the mass of firms.
The results are presented in Table 5 . In the Zipf's simulation, the average welfare gain from a reduction in variable trade costs is 4.97%, only 15% higher than in the baseline model with exogenous mass of potential entrepreneurs. Because movements in n are recorded as the extensive margin, its importance is now greater: some 11% of the total welfare gain is due to the extensive margin of imports, and an additional 10% is due to the increase in the mass of domestic entrepreneurs.
The intensive margin still accounts for a large majority -78.4% -of the total welfare gain, but the results are not as drastic as they were in the baseline model. This is not surprising. Changes in n have a first-order impact on welfare, as they increase the number of varieties available to consumers, as well as for intermediate input use, one-for-one. Even if the changes in n are not very large, they still contribute more to the extensive margin. As argued above, this model should be seen as a metaphor for the long run. It implies, for instance, that in response to a reduction in τ ij , there is an increase in the number of very large firms/exporters at the top of the firm size distribution. Unsurprisingly, this leads to a greater role of the extensive margin, as the very large firms drive most of the welfare results. However, entry of the large, extremely productive new firms is unlikely to happen in the short-to medium-run, and thus this aspect of the extensive margin is likely to be realized only over a longer period of time.
The lower panel presents the results of the same exercise in the non-Zipf model. As was the case in the baseline model, the total welfare gains in the non-Zipf case are an order of magnitude lower, at 0.29%. Similarly, the extensive margin plays a bigger role, accounting for about 25% of the total gains. The majority of the welfare gains is still due to the intensive margin, even with endogenous n and a less fat-tailed distribution of firm size.
To summarize, the magnitudes of the overall welfare gains in these experiments are surprisingly similar to the model in which n is exogenous. The basic story about the relative importance of fixed versus variable costs for welfare, and how that depends on the parameters governing the distribution of firm size, is unchanged. Because endogenous entry leads to the appearance of additional giant firms at the top of the firm size distribution, the importance of the extensive margin for welfare is somewhat greater. However, that result should be interpreted as representing the long run, as it is unlikely that the new large firms will emerge instantaneously.
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Conclusion
The world economy and world trade flows are dominated by very large firms. This paper studies the implications of this stylized fact for two related aspects of the economy: entry costs and the extensive margin of exports. Our conclusions about the welfare impact of higher entry barriers and the extensive margin of trade are very sensitive to the assumptions on the size distribution of firms. In a model calibrated to match the observed firm-size distribution, the welfare costs of entry barriers are low. By contrast, gains from reductions in trade costs are much higher than in a model that does not exhibit Zipf's Law in firm size. Finally, the extensive margin accounts for only 5% of the overall gains from trade.
What should we take away from this exercise? Quantitative evidence cannot be used to argue that entry costs and the extensive margin of trade are not important for welfare. We can establish, however, that the canonical model of production and trade with endogenous variety cannot generate a significant welfare impact of entry barriers and the extensive margin, while at the same time matching both the empirically observed distribution of firm size and trade volumes. If these matter, it must be through some other channel. Uncovering the conditions under which the costs of entry into domestic and foreign markets matter more remains a fruitful avenue for future research.
Appendix A Proof of Proposition 1
Proof: The total variable profits from selling to country j from country i are:
The total sales from i to j are:
ε . The total fixed costs paid by firms in country i to enter market j are equal to f ji c i n i (ba ji ) θ .
We need to show that this quantity is also a constant multiple of X ji . To do so, write
Therefore, the total fixed costs paid by firms in i to export to j are a constant multiple of X ji :
Therefore, the total profits from selling to j from country i are:
This means that the total profits from selling to all countries equal:
Since in equilibrium total income equals total expenditure in each country, X i = N j=1 X ji , leading to the result that Π i = (ε−1) εθ X i .
Appendix B Model with Market Penetration Costs
A recent contribution by Arkolakis (2008) emphasizes that the model with simple fixed costs of accessing markets is too stark. Instead, Arkolakis (2008) proposes a model in which firms choose not only whether to enter a particular market, but what share of the consumers in that market to serve. Arkolakis (2008) and Eaton et al. (2008) demonstrate that modeling entry costs in this more continuous way is important to account for the empirical regularity that many firms export only small amounts abroad.
In this Appendix, we extend the baseline model to feature market penetration costs instead of fixed entry costs, and demonstrate that the total welfare in such a model differs from the baseline only by a constant. As a result, in any policy experiment the market penetration costs model produces welfare changes that are identical to the baseline fixed costs model.
Our functional form assumption follows Eaton et al. (2008) . Assume that rather than paying the fixed cost f ij c j to gain access to all consumers in market i, a firm in country j incurs a cost
to reach a share s of consumers in that market. Given the demand for its variety by the consumer reached in country i, the firm with marginal cost a(k) from country j maximizes its profits by choosing both its price and market penetration s i (k) optimally. The profits are given by:
where the price index, P i , now aggregates over the prices of varieties available to a typical consumer in i, and not over all the varieties that are sold in that country. It is easily verified that the price is still a constant markup over the marginal cost. Optimal market penetration for a firm with marginal cost a(k) is given by:
Finally, the firm will only enter market i if at zero market penetration, profits are increasing in s:
∂s | s=0 > 0. It turns out that the cutoff a ij for positive sales from j to i has the exact same form as in the baseline model, and is given by equation (4). That expression can be combined with equation (B.1) to write the sales of a firm with marginal cost a(k) from country j to country i as:
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As first observed by Arkolakis (2008) , the baseline model with simple fixed costs provides the best approximation to the sales of the largest firms: as the marginal cost a(k) decreases,
approaches 1 and the firm penetrates the entire market. This result does not rely on the Zipf's Law assumption: the market penetration ratio s i (k) does not depend on the combination of parameters θ ε−1 . As we argue at the end of this section, Zipf's Law does imply that the large firms are the ones most important for welfare, and thus the assumption of simple fixed costs adopted in the main text will not substantially affect our conclusions.
Under the Pareto distribution of productivity draws, the expression for the price level in country i is given by:
Comparing equations (6) for all i = 1, ..., N that solve the system of equations given by (9) and (B.2).
We now state the main result of this Appendix. are a solution to the system of equations (B.2) and (9) that define the equilibrium in the market penetration costs model. 
After rearranging it becomes:
which is the same as (6) for δ satisfying θ θ−(ε−1)
Since the vector [P 1 , ..., P N ] satisfies (6), we have shown that δ [P 1 , ..., P N ] satisfies (B.5), which completes the proof.
The main consequence of Proposition 2 is that the total welfare in the market penetration costs model differs from the welfare in the basic fixed costs model only by a constant: w One additional remark is worth making on the relationship between the market penetration costs model and this paper. Straightforward rearranging yields the following expression for δ:
Setting λ = 1 the expression in the square brackets becomes (ε − 1)/θ. is total sales. It has been observed that in some instances a power law is only a good fit for the size distribution above a certain minimum cutoff. This is potentially an even more serious problem in this database, as the likely undersampling of smaller firms will bias the power law estimates towards zero. Following standard practice ), we plot the data for all firms for each country, and select the minimum size cutoff by looking for a "kink" in the distribution above which the relationship between log rank and log size is approximately linear. 25 We restrict our empirical analysis to countries that have sales figures for at least 1000 firms. The final sample includes 44 countries.
In order to obtain reliable estimates, this paper uses three standard methods of estimating the slope of the power law ζ. The first method, based on Axtell (2001) , makes direct use of the definition of the power law (10), which in natural logs becomes:
For a grid of values of sales s, the estimated probability Pr(x > s) is simply the number of firms in the sample with sales greater than s divided by the total number of firms. We then regress the natural log of this probability on log(s) to obtain our first estimate of ζ. Following the typical approach in the literature, we do this for the values of s that are equidistant from each other on log scale. This implies that in absolute terms, the intervals containing low values of s are narrower than the intervals at high values of s. This is done to get a greater precision of the estimates: since there are fewer large firms, observations in small intervals for very high values of s would be more noisy.
The second approach starts with the observation that the cdf in (10) has a probability density function
To estimate this pdf, we divide the values of firm sales into bins of equal size on the log scale, and compute the frequency as the number of firms in each bin divided by the width of the bin.
Since in absolute terms the bins are of unequal size, we regress the resulting frequency observations on the value of s which is the geometric mean of the endpoints of the bin (this approach follows Axtell 2001) . Note that the resulting coefficient is an estimate of −(ζ + 1). 26 Table A1 It is important to note that these results do not establish that the distribution of firm size in 
